A structured literature review concerning the design of living environments for people with dementia and sight loss was conducted. Following systematic searching, thirty three items were included and quality assessed. Findings are described covering colour and contrast, lighting, fixtures and fittings, entrances and exits, gardens and outdoors. The discussion highlights the poor quality of evidence, combined nevertheless with useful suggestions for design; the tendency for literature to be fragmented; and the need for improvements in terms of study focus, study quality and an emphasis on independence and individual needs. The review was subsequently used to inform the development of design guidelines.
Background and aims
A growing literature focuses on how environmental design can either enhance or inhibit independence for people with impairments. This includes research on design for people with sight loss and design for people with dementia, and design guidance which has been produced for each of these groups.
Advancing age is a well evidenced risk factor for sight loss as well as for dementia. Dementia can compound and complicate sight loss, as memory and understanding may become impaired.
Furthermore, some forms of dementia may entail physical damage which can produce additional sight problems. Despite this, researchers have been slow to consider the impairments together, and the scientific literatures have tended to remain largely separate.
Existing guidance also appears to have some limitations. Reviewing selected design guidance publications for people with sight loss and people with dementia, Goodman and Watson (2010L 1 ) suggest that, whilst there are many similarities, there appear to be some areas of potential conflict: for example, recommendations of curved paths and corridors for people with dementia and straight ones for people with sight loss (2010: 4) and recommendations of multiple objects placed around environments for people with dementia to support reminiscence and reduced clutter for people with sight loss (2010: 4) . Furthermore, they identify that the evidence base for the guidance is not always clear, and they raise reliability issues.
Given the common co-occurrence of dementia and sight loss for older people, the apparent contradictions in existing guidance, and the questioning of the evidence base, this paper reports on a literature review of research on design of living environments for people with dementia and people with sight loss, which aimed to explore the evidence base for design recommendations. The literature review was subsequently used to inform the development of new design guidelines for people with dementia and sight loss (Greasley-Adams et al 2014) .
Methods
The structured literature review involved systematic searches conducted in December 2012 of a wide range of databases, complemented by consultation with expert informants who were asked to recommend materials (such as reports) that the searches might not have identified. Table 1S (Supplement) lists the search terms used, Table 2S (Supplement) lists the electronic databases searched, Figure 1 (Supplement) summarises the results of the searches and the process of identifying relevant materials for review, and Table 3S (Supplement) provides the scoring system used as a final filter to select items for full text review. These were systematically evaluated using a proforma which enabled assessment of the quality of the research reported, and assembled key information regarding the subject matter, results and conclusions of each item. Reviewers identified the research design of the item being reviewed, and then responded to a series of questions relating to that specific research design. Table 4S (Supplement) lists the quality criteria used to assess different types of research. These were drawn from standard protocols widely used in reviewing, including Centre for Research and Development (CRD) Report No 4, used for Randomised Controlled Trials ; Cochrane Effective Practice and Organisation of Care (EPOC) checklists used for Controlled Before and After studies ; and Critical Appraisal Skills Programme (CASP) assessment criteria, used for Literature reviews and qualitative studies (NHS CRD 2001; Cochrane EPOC 2002; CASP undated) . In addition, a section for 'other types of study' sought information about design and quality of these in a structured manner. Having responded to detailed questions about the design of the study, its conduct and conclusions, reviewers were asked to rate it as of High, Medium or Low quality and to record their reasons for doing so. Table 5S (Supplement) lists all the evaluations and the reviewers' summary reasoning. Thus each study was quality assessed according to specific criteria relating to studies using the same approach, and assessments were therefore structured and consistent within study type. A total of thirty three items were included in the review. Twenty-eight of these were identified by the searches and met the inclusion criteria, i.e. they focused on how people engaged with environments, described or reviewed a number of research studies, and related to people with dementia, people with sight loss and/or people with both. A further five items included were suggested as relevant by the panel of experts.. Following review, a descriptive and qualitative analysis of the findings was conducted. This was guided by design themes which are used to guide the presentation of findings. The themes were identified through consultations with 19 people experiencing dementia and/or sight loss and ten staff who worked with them: the consultations reviewed initial findings, and helped inform the thematic analysis of the findings. A full account of the consultations and the development of the guidelines, which took place throughout the process is given in (ref) . A flowchart of the process of the literature review demonstrating where consultation was used is provided in the Supplement ( Figure 2S ). Table 1 summarises the nature of the literature evaluated in the review and indicates the quality assessments. Anttila et al (2012H) , whose review of the evidence base for assistive technology (AT) interventions for people with disabilities only included systematic reviews. We note that the strict inclusion criteria used by Martin et al (2009H) produced no relevant studies about smart home technologies, despite initially identifying 2,380 citations. Other features** 8 *More than one design feature was frequently covered in one publication **Other = the whole building (2); technologies (2); lighting (2); neighbourhood design (1); multiple elements (1) 
Quality and coverage of literature

Findings of literature review
We summarise the findings of the literature review under the headings that emerged from the thematic analysis of finding.
Colour and contrast
Research relating to colour and contrast was mainly of low quality, but a number of consistent findings and recommendations did emerge. The balance of views suggested that contrast rather than colour per se was of particular significance.
For example for people with dementia, Goodman and Watson (2010L) suggest using colour to define spaces, such as those for dining, relaxing or activity areas. Marquardt (2011M) supports this by suggesting that vivid colour coding might help improve functional ability and short term-memory, since people with dementia may have impaired ability to discriminate colour. Kelly et al (2011M) suggest that use of colour can aid way-finding and enhance visibility of features. . Calkins (2002L) argues that colour should be used to emphasize what is important (e.g. signage, orientation cues, stair edges and level changes, etc.) and de-emphasize that which is not. She suggests using brighter colours and higher contrast with background, adding that varying colour value by at least two levels on a 10-level scale will help people with dementia to distinguish between colours.
Kelly et al (2011M) suggest that in care homes, strong contrasting colours can help draw attention to areas that will be used by residents. For example, contrasting doors and doorframes might be beneficial, as might toilet seats that contrast with toilets. Other lower quality examples include McNair et al (2010L) , who employ the same principle when suggesting that dining rooms in care homes for people with dementia should 'use white dishes with a contrasting coloured dark rim'. Calkins (2002L) suggests the use of contrasting colours may be helpful in a range of settings, including: chair seats; sinks and washstands; for toilets or toilet seats; and for table settings, using pale plates on darker tablecloths.
High contrast markers may also help people with dementia identify hazards (Lawrence and Murray 2009L) .
Contrast may also present difficulties. For example Goodman and Watson (2010L) call attention to the potential for sudden changes in contrast at floor level to be seen by some as a barrier and potentially to discourage movement. They note that some guidance considers the use of such contrast to deter people from entering certain spaces, arguing that the ethical aspects of such measures require careful attention: they could be seen as a form of restraint.
For people with sight loss, good contrasts are reported to be important (Brunnström et al 2004L) and contrasting colours can aid object recognition (Unwin et al 2009L) . For example, pull cords for blinds, and light switches could be high contrast with surroundings (Littlefair 2009L ) and chairs could be contrasted with walls to help people see them (Torrington and Lewis 2011M) . Littlefair (2009L) suggests that light coloured window frames and window walls reduce contrast between the window and its surroundings and might help in reducing glare. However, Cooper (1999M) found that people disagreed that they needed supports using colour and contrast.
Den Brinker et al (2005M) and Unwin et al (2009L) suggest that for people with sight loss, contrasting strips placed on the edge of stair-treads can help reduce the risk of falls. Littlefair (2009L) suggests that lighting which creates contrast between tread and risers on stairways and which casts shadows can help to highlight the three-dimensional form of stairs and adds that natural lighting from the side is best for stairways. East or west facing windows at the top and bottom of stairs should be avoided due to increased risk of glare from the rising or setting sun (Goodman 2008 .
For people with both dementia and sight loss, Lawrence and Murray (2009L) recommend using bold colour and contrast to aid vision and independence: for example, they may assist with identifying objects and distinguishing them from their background more easily.
Lighting
Several low and medium quality publications refer to the need for adequate lighting levels in home environments for people with dementia (e.g. Calkins Percival (2007M) both argue that control of lighting is particularly important for people with sight loss -more so than colour and contrast -and is relatively simple to achieve.
Considering kitchens for people with sight loss, Long (1995L) Ritchie (2010L) suggest that lighting should be at a level that helps to compensate for poor eyesight in people with dementia to aid with way finding. Goodman and Watson (2010L) also suggest that stark differences in lighting levels, such as areas of excessive light and shadowed areas, should be avoided.
They too highlight the need to be able to adapt or adjust the lighting levels to suit individual needs. The need to couple appropriate intensity of light with good contrast conditions and absence of glare has been noted both for those with sight loss (Brunnström et al 2004L) and for people with dementia (McNair et al 2010L) .
The many recommendations about lighting made in this literature are not wholly consistent, and not generally well evidenced. Nevertheless, it is possible to identify the importance of individual choice and the ability to control one's environment by, for example, adjusting lighting according to one's own preferences.
Fixtures and fittings
The literature makes multiple recommendations about fixtures and fittings, often in relation to particular rooms in the house, notably kitchens and bathrooms. Under this heading, there was relatively little literature relating specifically to people with dementia and most of the recommendations relate to people with sight loss. The quality of this literature is not generally high.
In care homes, Calkins and Brush (2002L) Goodman and Watson (2010L) suggest that in respect of fixtures and fittings there may be different requirements for people with dementia and people with sight loss and make several related points. They note firstly fittings and equipment made or adapted for people with sight loss may need to incorporate less 'traditional' and less familiar types of controls (e.g. more tactile controls). Secondly, the 'old fashioned', more familiar, design of fittings and fixtures often recommended for home environments for people with dementia may promote an 'institutional' image that accommodation providers for people with sight loss would be keen to avoid and which might deter interaction/visits from the wider community. Thirdly, fixtures and fittings which assist with reduced functional abilities often experienced by people further into their dementia journey would not be necessary in homes of people with sight loss. Fourthly, some items suggested as providing memory stimulants might present hazards to people with sight loss (they use the example of a traditional clothes lines with stretchers). Mihailidis and Fernie (2002L) identify that assistive technology that can respond to individual requirements and wishes is increasingly feasible, suggesting increasing potential for flexibility.
Entrances and exits
The literature on entrances and exits relating to people with dementia tends to emphasise control. For example, Edgerton and Richie (2010L) suggest that unobtrusive and disguised exits and safety features can reduce 'exit attempts' by people with dementia. Letts et al (2011H) also comment on how visual barriers are effective in reducing attempts at exiting. To facilitate people using entrances and exits, Kelly et al (2011M) again suggest that strong contrasting colours, such as between doors and door frames can help draw attention to areas that will be used by care home residents.
Control of use of exits, whether deliberate or inadvertent, can have unintended consequences. For example, where difficulties exist in accessing gardens, and where help is required to access such spaces there will be reduced use of them: Rappe and Topo (2007H) suggest that easy access promotes daily use. Bossen (2010L) notes a number of potential barriers to the use of outdoor spaces by residents of care homes for people with dementia, including: heavy or locked doors; entrance or exit designs which fail to facilitate disabled access; lack of cueing features or landmarks; and lack of weather protection. Kwack et al (2005L) mention the roles of raised door sills and poorly located exits to gardens in deterring the use of outdoor spaces.
By contrast, literature on entrances and exits for people with sight loss emphasizes their ability to use these independently. For example, Long (1995L) suggests that larger than normal landings at stairs makes their use easier for people with sight loss; it is desirable for people with sight loss not to have proud door thresholds, as these may be a tripping hazard; pocket or sliding doors, and recessed door handles reduce the risk of walking into doors; well-lit exterior doors and lighted keyholes, as well as sound-activated light can be beneficial to those with sight problems; alarm control panels should have tactile markings and audible confirmation when buttons are pressed; and intercoms should be positioned to allow doors to be entered from anywhere in the property. Unwin et al (2009L) also suggest that people with sight loss might benefit from bright lights at external doors, and lighted keyholes.
Best and Porteous 2 (2012L) assert that there should be straightforward access to buildings and that doorways should be built to wheelchair standards: this perspective emphasizes access and independence for all. Goodman and Watson (2010L) , similarly, suggest that entrances and exits should be easy to locate and use by all.
Gardens and outdoors
People with dementia living in care homes who use gardens on a regular basis may experience benefits:
Bossen's (2010L) review of literature on nature and nature-based stimuli for people with dementia indicates that amongst other benefits there is evidence that more frequent 'wander garden' users have fewer falls and their dosage of anti-psychotic medications may reduce.
Recommendations for gardens appropriate for people with dementia suggest they should be designed for accessibility to help people find features and to prevent injury. This might include using easy entrances, incorporating raised flowerbeds or container gardening, or pulleys to raise/lower hanging baskets, and adapting tools to make them easier to use (Kwack et al 2008L) .
Recommendations are given for garden boundaries, generally for safety reasons (Kwack et al 2008L; Rappe and Topo 2007H; Unwin et al 2009L) . For further safety within the garden, Kwack et al (2008L) suggest that contrasting colours to highlight features and hazards can help people with dementia and may reduce falls, hence preventing injury; Unwin et al (2009L) recommend the removal of all poisonous plants.
To make the garden more pleasurable, Kwack et al (2008L) recommend that attention is given to the colours, scents and textures of plants to ensure olfactory, auditory and tactile stimulation. They suggest that plants should be selected in reference to the experiences, memories and preferences of residents.
They recommend looped paths for people with dementia, to help guide their movement round a garden: however, Marquardt (2011M) suggests that continuous paths may interfere with way finding.
External steps or stairs, often located in or leading to gardens and outdoor areas, were identified as one of a range of potential hazards as part of a home safety program intervention trialled by La Grow et al (2006L) . Steps, stairs, and kerbs were most commonly highlighted, accounting for 30% of all hazard related falls. A home safety programme addressing these issues was able to reduce falls.
Mitchell and Burton (2010M) argue that if local neighbourhoods are not dementia-friendly by design, people with dementia are likely to become increasingly isolated in their homes. Their work defines dementia-friendly neighbourhoods as welcoming, safe, easy and enjoyable for people with dementia and others to access, visit, use and find their way around. They identify six design principles: familiarity, legibility, distinctiveness, accessibility, comfort and safety and provide detailed recommendations as to how these could be achieved.
Considering people with sight loss and dementia, Goodman and Watson (2010L) observe that there may be differences in preferences for people with dementia and people with sight loss in respect of path layout, whereby straight paths with right angle turns where necessary are easier for people with sight loss than the looped paths recommended by some authors (e.g. Kwack et al 2008L) .
Discussion and conclusion
The literature considers a wide range of design issues, with an emphasis on making recommendations either for people with dementia or for people with sight loss. Whilst the quality of research is not high, some relatively consistent recommendations can be identified as we have noted. Our subsequent work with service providers and service users in developing our guidelines (Greasley-Adams et al 2014) suggested that many of them made sense in the context of their experiences. However, it remains the case that the evidence base needs further research to build it more securely, as much of the literature is not research based, or has an unclear evidence base. There are widespread calls for further research, especially in terms of improved research design and scale of studies. Currently, research is often fragmented, focusing on small issues out of context and on single conditions, rather than on the whole person who is likely to experience several conditions, including dementia and sight loss. It is notable that we did not identify studies which had explicitly used research designs guided by the MRC framework for evaluating complex interventions (Craig et al 2008) , recent developments in process evaluation (Moore et al 2015) , or by innovative evaluation designs and approaches such as realistic evaluation (Pawson and Tilley 1997) . Given that design issues are complex and do involve the whole person, exploring the use of such approaches appears merited.
There are some interesting contrasts in the literature relating to people with dementia and that relating to people with sight loss. For people with dementia, there is an emphasis on care settings, especially care homes. There are also a number of areas in which a key concern is control, such as the work on entrances and exits, and on altering behaviour, such as the recommendations about lighting to change people's sleep patterns, or activities to improve well-being, such as the use of gardens. We would not suggest that the emphasis on control and behaviour change is necessarily detrimental, but would urge careful consideration of the ethical aspects of the recommendations (cf. Zwijsen et al 2011M) .
By contrast, the research relating to people with sight loss is focused on supporting independence and enabling people to do things for themselves: this is the 'default' for this research. We are aware that many of the design recommendations for people with dementia are derived from those for people with sight loss, and that many of them do indeed support independence (such as ease of eating at a table or using a bathroom). A consistent 'default' focus on independence for people with dementia would be welcome.
One stimulus for the present research, including this literature review, was the existence of apparent contradictions between design guidelines for people with dementia and those for people with sight loss:
examples included, as we noted, debates about curved or straight paths and about reducing clutter or introducing reminiscence objects. If a genuinely person-centred perspective is adopted by service providers, whereby the needs of the individual are prioritized, there is a sense in which these are not contradictions, but simply alerts to a service provider to consider what is appropriate for particular individuals. Thus a core topic for future research must concern how to deliver person-centred design which has a clear evidence base.
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Notes
1
The letters H(igh), M(edium) and L(ow) attached to publication dates report the quality assessments from the literature review. The process of quality assessment is described under 'Methods'.
2 This work relates to older people in general and not specifically to people with sight loss and/or dementia. It was included in the review on the recommendation of one of our panel of experts.
